This paper continues a revision of generic concepts in the parmelioid lichens using molecular data in order to reach a consensus among lichenologists over which segregates proposed over the last two decades should be accepted. Here we employ data from three gene portions to provide a basis for a revised generic concept of the brown parmelioid lichens hitherto classified in Melanelia. The phylogeny was studied using a Bayesian analysis of a combined data set of nuclear ITS, LSU rDNA and mitochondrial SSU rDNA sequences. 173 new sequences were obtained from 38 specimens of 15 Melanelia species, 37 related parmelioid species, and eight non-parmelioid species. The results indicate that Melanelia is not monophyletic but falls into four different clades. The genus Melanelia is restricted here to a small group of saxicolous lichens related to the type species M. stygia, and with bifusiform conidia, while the remaining species, most of which are primarily corticolous and have mainly cylindrical to filiform conidia, belong to two other clades recognised as two new genera : Melanelixia and Melanohalea, to accommodate the M. exasperata and M. glabra groups, respectively. 27 new combinations are made. The epicortex of Melanelixia species have pores or special structures termed here ' fenestrations', while most Melanohalea species are pseudocyphellate. Pleurosticta links to the Melanohalea clade but without strong support, and the phylogenetic position of M. disjuncta and its related species remains uncertain, linking with the Xanthoparmelia (syn. Neofuscelia) clade but also without strong support.
INTRODUCTION
The Parmeliaceae (Lecanorales) constitutes one of the largest families of lichen-forming ascomycetes. It is dominated by two large groups which had been placed into the huge genera Cetraria and Parmelia in traditional classifications. Generic concepts in lichenology started to change dramatically from the late 1960s, with the Parmeliaceae being a prominent example. Morphological and chemical as well as anatomical characters were used to segregate numerous groups as genera within the parmelioid lichens during this time (Hale 1984a , Elix 1993 , Nimis 1998 , DePriest 1999 . While the segregated genera have been recognised by many lichenologists, acceptance has not been universal (e.g. Clauzade & Roux 1986 , Eriksson & Hawksworth 1986 , 1992 , Poelt & Veˇzda 1981 , Santesson 1984 , Purvis et al. 1992 , Nimis 1993 , Llimona & Hladun 2001 , primarily because correlations with ascomatal or pycnidial differences have often not been established (e.g. Hawksworth, James & Coppins 1980) . Nevertheless, further investigations have shown that even some of the segregates were heterogeneous and consequently additional genera have continued to be proposed (e.g. Hale 1984b , 1986a , b, Elix, Johnston & Verdon 1986 , Elix & Hale 1987 .
Within the parmelioid genera, there is a group of taxa usually lacking atranorin or usnic acid in the cortex, but having a dark to medium brown thallus colour. These brown Parmeliae were monographed by Esslinger (1977) , and are currently divided into five genera : Allantoparmelia, Almbornia, Melanelia, Neofuscelia, and Pleurosticta. Most species were placed in Melanelia and Neofuscelia, while Allantoparmelia, Almbornia and Pleurosticta contained only few taxa.
Allantoparmelia, a boreal and arctic-alpine genus, is believed to be related to Brodoa (Elix 1993) ; it is therefore not treated further here. We have not been able to get fresh material of Almbornia, fruticose lichens endemic to South Africa and perhaps related to Neofuscelia (Elix 1993) . Almbornia, Neofuscelia and Pleurosticta are characterized by having a pored epicortex, while Melanelia spp. are usually considered to have pseudocyphellae (Elix 1993) . The genus Pleurosticta was formerly placed in Melanelia (Esslinger 1978) as subgenus Olivascentes, but Lumbsch, Kothe & Elix (1988) resurrected the genus based partly on the deviating epicortex.
Neofuscelia species also have Xanthoparmelia-type lichenan, consistently bifusiform conidia, and occur exclusively on rocks. Molecular studies on this group show that the species belong to the same monophyletic clade as the yellow-green to yellow-grey usnic acid containing Xanthoparmelia species . The synonymy of the two genera has been proposed (Hawksworth & Crespo 2002) , and after the study of sequences from many more species the necessary combinations of Neofuscelia species into Xanthoparmelia have been made (Blanco et al. 2004) .
The remaining taxa referred to Melanelia were placed in two subgenera by Esslinger (1978) , Melanelia and Vainioellae. The nominal subgenus included a few saxicolous species, such as M. disjuncta, M. panniformis, and the type species of Melanelia, M. stygia. Subgenus Melanelia is characterized by species with rather narrow lobes, which are often somewhat elongate, and flat to convex or concave. Thell (1995) transferred additional saxicolous species (the Cetraria commixta group) from Cetraria to Melanelia, placing them close to M. stygia. Subgenus Vainioellae, however, includes numerous primarily corticolous species that only rarely occur on siliceous rocks, and a few that are primarily saxicolous. The members of this subgenus include species with broad lobes that are round to rather elongate and more or less flat. The genus Melanelia is cosmopolitan and comprises ca 40 species most of which occur primarily or solely in the Northern Hemisphere.
The few molecular studies so far to have included Melanelia species (Crespo & Cubero 1998 , Crespo et al. 1999 , Thell 1999 , Thell & Miao 1999 have been based on nuITS rDNA sequences alone, and were focused on other cetrarioid or parmelioid lichens, thus including few species of the genus. However, Crespo et al. (1999) noted that M. glabra and M. exasperata did not form a monophyletic group. Thell et al. (2002) examined a large number of cetrarioid and parmelioid lichens, including three species of Melanelia, using ITS and also b-tubulin gene sequences. Subsequently, GuzowKrzeminska & Wegrzyn (2003) studied the phylogenetic relationships within Melanelia based on nuLSU rRNA gene sequences from ten Melanelia species.
The systematics of the brown parmelioid lichens is consequently in a somewhat confused state. In order to clarify the circumscription of the genus Melanelia, and to ascertain the relationships between the species referred to it and other parmelioid genera, we performed a multigene molecular study including 60 taxa belonging to the Parmeliaceae, of which 15 belonged to Melanelia, including the type species. We employed three data sets : the nuclear LSU (nuLSU), the nuclear ITS (nuITS) and the mitochondrial SSU (mtSSU) regions of the ribosomal DNA in a combined analysis. A Bayesian approach was used employing complex nucleotide substitution models in a parametric statistical framework (Larget & Simon 1999 .
MATERIALS AND METHODS

Taxon sampling
Sequence data of the nuITS rDNA, nuLSU rDNA and mtSSU rDNA were obtained from 53 parmelioid species. 175 new sequences were obtained from 85 specimens, as listed in Table 1 . Moreover, 75 sequences were downloaded from GenBank (Table 2) . Pseudephebe pubescens was used as outgroup since it has been considered as belonging to the alectorioid group of Parmeliaceae that is basal to the cetrarioid and parmelioid groups (Mattsson et al. 2004 ).
Molecular methods
Small samples prepared from freshly collected and frozen herbarium specimens were ground with sterile glass pestles. Total genomic DNA was extracted using the DNeasy Plant Mini Kit (Qiagen, Hilden) according to the manufacturer's instructions with slight modifications described in . Dilutions of the total DNA were used for PCR amplifications of the genes coding for the nuITS and nuLSU rRNA, and the mtSSU rRNA. Fungal nuITS rDNA was amplified using the primers ITS1F (Gardes & Bruns 1993) , ITS4 (White et al. 1990 ), ITS1-LM (Myllys et al. 1999 ) and ITS2-KL (Lohtander et al. 1998) ; nuLSU rDNA was amplified using the primers LROR and LR5 (R. J. Vilgalys, website; http:// www.biology.duke.edu/fungi/mycolab/primers.htm), and mtSSU rDNA was amplified using the primers mrSSU1 and mrSSU3R (Zoller, Scheidegger & Sperisen 1999) , NMS1 and NMS2 (Li, Rouse & German 1994) , MSU1 and MSU7 (Zhou & Stanosz 2001) . Amplifications were performed in 50 ml volumes containing a reaction mixture of 5 ml of 10r DNA polymerase buffer (Biotools, Madrid) (containing MgCl 2 2 mM, 10 mM Tris-HCl, pH 8.0, 50 mM KCl, 1 mM EDTA, 0.1 % Triton X-100), 1 ml of dinucleotide triphosphate (dNTPs), containing 10 mM of each base, 2.5 ml of each primer (10 mM), 1.25 ml of DNA polymerase (1 unit ml x1 ) and 27.5 ml dH 2 O. Finally, 40 ml of this mixture was added to 10 ml of DNA of each sample.
The amplifications for ITS and LSU rDNA were carried out in an automatic thermocycler Techne Progene and performed using the following programs: initial denaturation at 94 xC for 5 min, and 30 cycles of: 94 x for 1 min, 54-60 x (ITS rDNA) and 60 x (LSU rDNA) for 1 min, 72 x for 1.5 min, and a final extension at 72 x for 5 min. The PCR amplification for mitochondrial rDNA was carried out in a Hybaid OmniGene thermocycler and was performed using the following program : initial denaturation at 94 x for 5 min and 35 cycles of: 94 x for 1 min, 57-58 x for 1 min, and 72 x for 1.5 min, and a final extension at 72 x for 5 min. The PCR products were subsequently cleaned using the Bioclean Columms kit (Biotools) or, in case of an impure product, the Bioclean kit for purification of DNA bands from agarose gels (Biotools) according to the manufacturer's instructions. The cleaned PCR products were sequenced using the following primers, in addition to those also used for PCR amplifications: (1) for the ITS rDNA : ITS2 and ITS3 (White et al. 1990) were used when long PCR products were obtained due to the presence of group I introns at the very end of nuSSU (Gargas, DePriest & Taylor 1995) ; (2) for the LSU rDNA : LR3 and LR3R (Vilgalys website ; see above) ; and (3) for the mtSSU rDNA : mrSSU2 and mrSSU2R (Zoller, Scheidegger & Sperisen 1999) . The ABI Prism TM Dye Terminator Cycle Sequencing Ready reaction kit (Applied Biosystems, Foster City, CA) was used and the following settings were carried out : denaturation for 3 min at 94 x and 25 cycles at 96 x for 10 s, 50 x for 5 s and 60 x for 4 min. Sequencing reactions were electrophoresed on a 3730 DNA analyzer (Applied Biosystems). Partial nuSSU, sometimes including an intron at the end of the 3k, were removed before the aligment. Sequence fragments obtained were assembled with SeqMan 4.03 (DNAStar) and manually adjusted.
Sequence alignments
We used an alignment procedure employing a linear Hidden Markov Model (HMM) for the alignment, as implemented in the software SAM (Hughey & Krogh 1996) . Sequences of 85 specimens (Tables 1-2) were aligned separately for the three genes. Regions that could not be aligned with statistical confidence were excluded from the phylogenetic analysis. Moreover, in the case of nuITS and mtSSU matrices, small regions clearly remained ambiguously aligned. These regions were consequently excluded and the remaining, were used in the subsequent analyses.
Phylogenetic analysis
The alignment was analysed using the programs PAUP* 4.0b10 (Swofford 2003) and MrBAYES 3.0 . The polarity of characters was assessed with outgroup comparison using Pseudephebe pubescens as outgroup. The data were analysed using a Bayesian approach (Larget & Simon 1999 , Huelsenbeck, Rannala & Masly 2000 . Posterior probabilities were approximated by sampling trees using a Markov Chain Monte Carlo (MCMC) method. The posterior probabilities of each branch were calculated by counting the frequency of trees that were visited during the course of the MCMC analysis. The program MrBAYES was employed to sample the trees. The analysis was performed assuming the general time reversible model (Rodriguez et al. 1990) including estimation of invariant sites and assuming a discrete gamma distribution with six rate categories (GTR+I+G) for the single-gene and the combined analyses. The nucleotide substitution model was selected using a likelihood ratio test (Huelsenbeck & Crandall 1997) with the program ModelTest (Posada & Crandall 1998) . No molecular clock was assumed. A run with 2 000 000 generations starting with a random tree and employing 12 simultaneous chains was executed. Every 100th tree was saved into a file.
We plotted the log-likelihood scores of sample points against generation time using TRACER 1.0 (http:// evolve.zoo.ox.ac.uk/software.html ?id=tracer) and determined that stationarity was achieved when the loglikelihood values of the sample points reached a stable equilibrium value . The initial 1000 trees were discarded as burn-in before stationarity was reached. Using sumt command of MrBAYES, a majority-rule consensus tree was calculated from 19 000 trees sampled after reaching likelihood convergence to calculate the posterior probabilities of the tree nodes. Unlike nonparametric bootstrap values (Felsenstein 1985) , these are estimated probabilities of the clades under the assumed model (Rannala & Yang 1996) and hence posterior probabilities equal to and above 95% are considered significant supports. Phylogenetic trees were drawn using TREEVIEW (Page 1996) . We used a Bayesian approach to examine the heterogeneity in phylogenetic signal among the three data partitions (Buckley et al. 2002) . For the three genes and the concatenated analyses, the set of topologies reaching 0.95 posterior probability was estimated. The combined analysis topology was then compared for conflict with the 0.95 posterior intervals of the single gene analyses. If no conflict was evident, it was assumed that the three data sets were congruent and could be combined. If conflict was evident, the three data sets were interpreted as incongruent and thus the combined analysis might be potentially misleading (Bull et al. 1993) .
Hypothesis testing
One hypothesized phylogenetic relationship was tested as a null hypothesis using a MCMC tree sampling procedure to examine the possibility of presence of alternative topologies in suboptimal trees. The null hypothesis tested was : Melanelia elegantula, M. aff. elegantula, M. exasperata, M. aff. exasperata, M. exasperatula, M. subelegantula, M. subolivacea, M. olivacea, M. septentrionalis, M. glabra, M. subargentifera, M. fuliginosa and M. subaurifera form a monophyletic group.
For the hypothesis testing a run as described above was performed with the same settings as in the estimation of the phylogeny using the combined data set. 19 000 trees at the equilibrium state for the null hypothesis were used from this analysis. The probability of the null hypothesis being correct is calculated by counting the presence of this topology in the MCMC sample (Lewis 2001 . The frequency of trees in the MCMC sample agreeing with the null hypothesis was calculated using the filter command in PAUP* (Swofford 2003) , with a certain constraint describing the null hypothesis.
Scanning-electron microscopy
Small pieces of thalli ca 5 mm diam were cut from samples, air-dried, fixed to a metallic stub, and sputtered with gold-palladium in a vacuum. A Jeol (JSM 6400) scanning electron microscope was used for the analysis.
RESULTS
In all, 55 mtSSU rDNA, 59 new nuITS rDNA, and 61 new nuLSU rDNA, sequences were generated, and in addition 75 sequences were downloaded from GenBank and aligned with the newly obtained ones. We produced a matrix of 533 unambiguous nucleotide position characters in the mtSSU, 501 in the nuITS and 850 in the nuLSU. 572 characters were variable. The final aligment of the 85 taxa studied (Tables 1-2) was 1884 positions in length. The Bayesian approach to test heterogeneity in phylogenetic signal among the data partitions showed no significant incongruence and hence a combined analysis was performed.
The likelihood parameters in the sample had the following average values (¡ one standard deviation) : likelihood (LnL)=x1417.706 (¡1.486), base frequencies p(A)=0.256 (¡0.002), p(C)=0.235 (¡0.003), p(G)=0.27 (¡0.003), p(T)=0.239 (¡0.002), rate matrix r(AC)=1.017 (¡0.082), r(AG)=2.488 (¡0.171), r(AT)=1.713 (¡0.121), r(CG)=0.614 (¡0.056), r(CT)=9.689 (¡0.676), r(GT)=1.0 (¡0), the gamma shape parameter alpha=0.594 (¡0.012), and the pinvar =0.517 (¡0.004).
In the majority-rule consensus tree of 19 000 sampled trees (Fig. 1) , Melanelia is not monophyletic and four different clades can be recognized (Groups I, II, III, and IV). M. stygia, the type species, is not placed within the parmelioid clade and its relationship with other taxa has not been established (Group I). The other taxa previously included in Melanelia appear in three different groups within the parmelioid lichens as outlined below. Among non-parmelioid species included, only Vulpicida pinastri and Cetraria aculeata form a supported monophyletic group.
The parmelioid species form a well-supported monophyletic group (pp 1.00) including the genera Myelochroa, Parmelina, Xanthoparmelia (syn. Neofuscelia), Parmelinella, Bulbothrix, Hypotrachyna, Everniastrum, Parmelinopsis, Melanelia (except the type species), Parmeliopsis, Pleurosticta, and Parmelia s. str. The parmelioid genera fall into two lineages, which, however, lack statistical support. One sister group includes again two unsupported sister groups. One of these includes species of Parmelina, Myelochroa, Bulbothrix, and Parmelinella. All these genera form well-supported monophyletic clades (pp 1.00) but their relationships lack support. Only Parmelinella wallichiana, the type species of that genus, is shown as the sister group of Bulbothrix (pp 1.00). The other sister group includes Hypotrachyna, Everniastrum, Parmelinopsis, and Parmeliopsis spp. The latter genus is basal and its relationships remain unsupported. The other taxa form a well supported monophyletic group (pp 1.00). The genus Hypotrachyna appears polyphyletic, while the taxa included from the genera Everniastrum and Parmelinopsis form monophyletic lineages. Further studies on the phylogeny of Hypotrachyna will be presented elsewhere.
The second major lineage of parmelioid lichens includes Parmelia s. str., Pleurosticta, brown Xanthoparmelia spp. (syn. Neofuscelia), and the bulk of species currently classified in Melanelia placed in three groups (II, III and IV) . Group II includes : M. glabra, M. subargentifera, M. fuliginosa and M. subaurifera, which form a highly supported monophyletic group (pp 1.00). Group III contains M. disjuncta that appears as sister-group of the Xanthoparmelia species, but without significant support, and group IV, formed by M. elegantula, M. aff. elegantula, M. exasperata, M. aff. exasperata, M. exasperatula, M. subelegantula, M. subolivacea, M. olivacea, and M. septentrionalis, forms another well-supported group (pp 1.00).
A Bayesian hypothesis test was performed testing the null hypothesis of groups II and IV forming a monophyletic lineage. This null hypothesis was rejected (P<0.001).
DISCUSSION
The results of our analysis including 15 Melanelia species and three molecular data sets, support previous studies that found Melanelia to be polyphyletic (e.g. Crespo et al. 1999 , Thell et al. 2002 , Mattsson et al. 2004 . The genus as currently circumscribed falls into four groups: the type species Melanelia stygia, which does not belong to the main group of parmelioid lichens, and three groups that belong to a lineage of parmelioid lichens which also includes the genera Xanthoparmelia (syn. Neofuscelia), Pleurosticta, and Parmelia s. str.
Although the placement of the type species of Melanelia, M. stygia, outside the parmelioid lichens is strongly supported (pp 1.00), its further relationships remain unclear. Additional studies employing a wider sampling of cetrarioid and other non-parmelioid taxa are necessary to elucidate the phylogenetic position of Melanelia s. str. M. stygia was included in the section Melanoparmelia of Parmelia (Esslinger 1977) and later in the nominal subgenus of Melanelia (Esslinger 1978) together with M. disjuncta, M. panniformis, M. predisjuncta, M. sorediata, and M. tominii (as M. substygia ; Esslinger 1992). Chemically, M. stygia is unique in this group by containing the depsidone fumarprotocetraric acid, while four of the other species have long sidechain depsides, such as perlatolic and stenosporic acids. Moreover some morphological features, such as long, narrow, flat to convex inflated lobes, a thick upper cortex and effigurate pseudocyphellae, are common among these four taxa. Further, both M. stygia and M. tominii have cylindrical to bifusiform conidia. However, not all these taxa belong to Melanelia s. str. as M. disjuncta, is quite distantly clustered within the parmelioid genera, in a separate group (III) close to the species formerly placed in Xanthoparmelia (syn. Neofuscelia) (see below). Sequences were not available from M. tominii, which has the habit of M. stygia but contains the tridepside gyrophoric acid ; its systematic position remains uncertain. However, a small group of cetrarioid lichens, the Cetraria hepatizon group, has been transferred to Melanelia by Thell (1995) . This is supported by morphological and chemical characters (such as the presence of depsidones) and was corroborated by molecular data (Thell et al. 2002) .
The taxa belonging to group II form a well supported monophyletic clade (pp 1.00) that contains four species (M. glabra, M. subargentifera, M. fuliginosa, and M. subaurifera). However, the species boundaries in this group are not well understood. M. subaurifera appears as a monophyletic taxon, but M. fuliginosa is paraphyletic, and M. glabra is also paraphyletic with M. subargentifera nested within. It is beyond the scope of this publication to elucidate the species concepts in this group, but our results indicate that additional research is needed. All these four species were classified in sect. Vainioellae by Esslinger (1977 Esslinger ( , 1978 . The species of group II have broad, plain to concave and not inflated lobes, lack pseudocyphellae, contain lecanoric acid, and those in which we have found pycnidia have conidia which are cylindrical to fusiform and not clearly bifusiform. None of the species have pseudocyphellae, but either have scattered pores in the epicortex, or (in M. glabra) special structures which we will refer to as 'fenestrations ' (Figs 2-3) . These fenestrations comprise localized, generally ellipsoidal raised areas of the thallus with a mesh of rounded to somewhat irregularly shaped pores formed through the epicortical layer. In fenestrations, the pores tend to be larger than those seen in a pored epicortex, and are not dispersed over the whole surface as is the case in lichens with this feature (Hale 1973 (Hale , 1981 . Fenestrations differ from pseudocyphellae in that they are not clearly delimited, and further retain strands of broad epicortical tissue between the pores, so that the underlying medullary hyphae are not readily seen. The presence of pores in the epicortex in M. acetabulum was a major reason for resurrection of the genus Pleurosticta, but in that case the pores tend to be arranged in a characteristic reticulate pattern (Lumbsch, Kothe & Elix 1988) distinct from both the true pored epicortex and the fenestrated type. M. glabra was previously reported having ' obscure ' pseudocyphellae in the amphithecium and extreme lobe edges (Esslinger 1977) , but a SEM reexamination revealed that these were what we term fenestrations here.
The species of group II appear to be related to Pleurosticta, although this relationship lacks support. Pleurosticta can be distinguished by broader, marginally erhizinate lobes, the reticulated epicortical pores, and a different chemistry ; a cortical pigment that turns violet in K and HNO 3 , and depsidones in the medulla.
Group III includes the saxicolous M. disjuncta as the only species. As mentioned above, it has been considered as belonging to section Melanoparmelia of Parmelia (Esslinger 1977) or the nominal subgenus of Melanelia (Esslinger 1978) . Based on morphological and chemical characters it appears to be related to M. predisjuncta, M. panniformis, and M. sorediata. Further molecular studies are needed to establish the phylogenetic relationships in this clade, though it is of interest that it appears as a sister group to the species now placed in Xanthoparmelia, although without support.
Group IV is a well-supported monophyletic clade (pp 1.00), which includes nine species which grow primarily on bark or wood (M. subelegantula, M. septentrionalis, M. olivacea, M. subolivacea, M. elegantula, M. aff. elegantula, M. exasperatula, M. exasperata and M. aff. exasperata). All species in this clade in which we have found pycnidia have cylindrical to fusiform conidia. Again, the species delimitations in some taxa are not well understood. Two species, M. elegantula and M. exasperata appear polyphyletic and some morphological differences have been discovered for supporting new taxa ; based on these differences the provisional names, M. aff. elegantula, and M. aff. exasperata have been used. Additional studies are currently under way to elucidate the species circumscriptions in these complexes. All species placed in group IV here were included in section Vainioellae by Esslinger (1977 Esslinger ( , 1978 together with those that are included in group II here. The taxa placed in group IV are characterized by broad, plane to concave non-inflated lobes, having a non-pored epicortex and usually with discrete pseudocyphellae , and either containing the depsidone fumarprotocetraric acid or lacking phenolic substances. The pseudocyphellae are often located on the tips of isidia or warts. Three boreal species (M. septentrionalis, M. olivacea, and M. subelegantula) form a strongly supported monophyletic group (pp 1.00), which is basal to the group, and M. subolivacea appears as the sister-group of the remaining species studied.
Our null hypothesis test rejected the monophyly of groups II and IV significantly. Given this molecular evidence and the morphological and chemical features that distinguish these groups, such as the pored or fenestrate epicortex in group II and non-pored epicortex and pseudocyphellae in group IV, depsides in group II and depsidones in group IV (Table 3) , we recognize these two groups at generic level distinct from Melanelia s. str. The generic placement of group III requires additional studies, including taxa presumed to be related, such as M. panniformis, M. predisjuncta or M. sorediata.
In view of these results, we introduce two new generic names, Melanelixia and Melanohalea, for the species of groups II and IV respectively. In doing this, we recognize that our study included molecular data on only 15 of the 40 species of Melanelia s. lat., and that the inclusion of additional species could have had some impact on the results as we did not obtain strong support for the relationship between the major clades. Nevertheless, we are confident in the placement of the additional species transferred to one or the other of these genera here based on the morphological and chemical characters summarized in Table 3 . Indeed, it would be contrary to the generic concept we would wish to promulgate to recognize as genera groups which could not be recognized without molecular data. Our study of Melanelia supports the idea that medullary chemical characters, such as the presence of certain substance classes, are important for the circumscription of monophyletic groups at generic level in lichen-forming fungi. In other groups of lichen-forming fungi, such as Lecanoraceae or Pertusariaceae (Arup & Grube 1998 , chemistry was also found to be an important indicator of phylogenetic relationships. On the other hand, cortical chemistry (presence or absence of atranorin vs usnic acid) has also been found to be of low taxonomic relevance in other parmelioid lichens (Elix 2003 , Blanco et al. 2004 . The study also demonstrates the importance of the cortical structure when studied at the SEM level, and apparently also correlations with conidium types, although the latter features and those of the excipular structures require more study. Thallus foliose, loosely to moderately adnate ; lobes plane to concave, flat, short, apices rounded, 1-6 mm wide, eciliate ; upper surface olive-green to dark brown, smooth to rugose, maculate or not, lacking pseudocyphellae, with or without soredia, isidia and cortical hairs ; upper cortex paraplectenchymatous, 16-20 mm thick, covered by an epicortex (SEM) which has either dispersed pores or fenestrations ; cell walls containing isolichenan; medulla white to pale yellow or occasionally orange in the lower parts ; lower cortex flat, smooth, dark brown to black ; rhizines simple with white tips. Ascomata apothecial, laminal, sessile to subpedicellate ; disc imperforate, concave and becoming plane with age, pale to dark brown, amphithecium commonly maculate and with an abundantly fenestrated or pored epicortex. Asci elongate, clavate, Lecanora-type, apically thicked, without an internal apical beak, 8-spored. Ascospores ellipsoid to ovoid, colourless, thin-walled, simple, 9-15r5-11.5 mm. Conidiomata pycnidial, immersed, laminal. Conidiophores of type V or VI (Vobis 1980) . Conidia cylindrical to fusiform, simple, hyaline, 5-8r1 mm.
TAXONOMY
Chemistry : Cortex with a brown coloured pigment but no other compounds ; medulla containing depsides (lecanoric acid chemosyndrome), and (in two species) skyrin.
Observations : This new genus includes eight species that occur on bark and wood in the Northern Hemisphere. Melanelixia is characterized by having a pored or fenestrate epicortex, lacking pseudocyphellae and containing lecanoric acid as the primary medullary constituent. It is similar to Pleurosticta, which differs in having broader lobes, reticulated epicortical pores, a pigment that reacts violet in K and HNO 3 , and the presence of depsidones in the medulla. Six rather similar species from the Southern Hemisphere which produce gyrophoric instead of lecanoric acid (Esslinger 1977) , are not transferred to the genus here pending more detailed study. Thallus foliose, loosely to moderately adnate ; lobes plane to concave, flat, short, apices rounded, 0.5-7 mm wide, eciliate ; upper surface olive-green to dark brown, smooth to rugose, emaculate, commonly pseudocyphellate on warts or on tips of isidia, with or without soredia and isidia ; upper cortex paraplectenchymatous, 10-16 mm thick, epicortex not pored (SEM); cell walls containing isolichenan ; medulla white ; lower surface flat, smooth, pale brown to black ; rhizines simple. Ascomata apothecial, laminal, sessile to subpedicillate ; disc imperforate, concave and becoming convex with age, brown, amphithecium with pseudocyphellate papillae, without maculae. Asci elongate, clavate, Lecanora-type, apically thicked, without an internal apical beak, 8-32 spored. Ascospores globose to ovoid or ellipsoid, thin-walled, colourless, 5.5-20r4-12.5 mm.
Conidiomata pycnidial, immersed, laminal. Conidiophores of type V or VI (Vobis 1980) . Conidia cylindrical to fusiform, simple, colourless, 5-8.5r1 mm long.
Chemistry : Cortex with a brown coloured pigment but no other compounds ; medulla containing depsidones (fumarprotocetraric acid, norstictic acid) or lacking secondary metabolites.
Observations : This new genus as circumscribed here includes 19 species, most of which have their primary distribution on bark and wood in the Northern Hemisphere, with three species occurring only in the Southern Hemisphere. The genus is characterized by pseudocyphellae, usually on warts or isidial tips, a nonpored epicortex, and a medulla containing depsidones or lacking secondary compounds.
